The dynamical properties of an optical parametric amplifier with an added fourth-order (Kerreffect term) nonlinearity are studied by means of a computer simulation of a semiclassical nonlinear Langevin formulation.
I. INTRODUCTION
The possibility of achieving strong noise suppression in an optical parametric amplifier by means of an added Kerr-effect (yfs)) nonlinearity was pointed out by Tombesi [1] and further considered by Gerry and Rodrigues [2] some time ago. The rationale behind it was the fact that such a higher-order nonlinearity could well shorten the interaction time required to achieve the sought reduction in noise compared with the usual g~& devices. An effective Hamiltonian was postulated comprising both the usual terms appearing in the description of a conventional optical parametric amplifier and an added fourth-order term which was found to enhance the squeezing properties of the model device at least in the initial stages of the evolution. A previous work [3] was devoted to the study of the stability of a more realistic model where noise sources arising from the coupling to a phonon bath were explicitly taken into account. The presence of the nonlinear contribution was found to be responsible for the appearance of a pitchfork bifurcation at threshold leading to bistable behavior above this point. In this paper the temporal evolution of such a model system is analyzed in detail. Because of the semiclassical nature of the treatment, which was carried out in a signer-representation frame, the transient behavior could be analyzed by means of a computer simulation of the coupled stochastic equations (provided that the analysis is not carried out in the vicinity of the instability point) .
The squeezing characteristics both during the transient evolution and once the steady states above threshold have been reached have been studied in order to compare the noise reduction with those attainable by means of purely Kerr-effect interactions. In this latter respect, the interest was focused on the characterization of the statistics of the output field since it was shown previously [4, 5] that "amplitude-squeezed" states could be produced by systems which are describable by means of anharmonicoscillator Hamiltonians, such as those currently used to study the dynamics of fourth-and higher-order Kerr nonlinearities. [7, 8] . In a Wigner-representation frame, the fluctuations can be graphically represented in the quadrature phase space by means of an error ellipse so that the quadrature noise components are just the projections of the ellipse contour on the two axes [9, 10] 
In this way we obtain (14) where b.
In order to obtain the z' values for which y' is single 
III. TRANSIENT BEHAVIOR
The numerical simulation uses a stochastic first-order Euler scheme as explained in the Appendix of Ref. [12] .
The Gaussian white noise has been generated by means of the Box-Muller-Wiener transformation [13] and an integration step of 10 has been used. The temporal de- pendence is given by the dimensionless time r = (7+~) t
We have not considered thermal fluctuations (n = 0) and 7/a (loss-pump ratio), I'/tc (fourth-to second-order strength ratio) as independent parameters in all calculations. The statistical averages were taken over 10000 trajectories when dealing with quadrature statistics and 20 000 for photon-number statistics.
A. Below threshold Figure 5 shows the temporal dependence of the quadra- Fig. 8 . Two cases, one in the overdamped regime and one in the oscillatory regime, are displayed. Figure 9 shows the diagonalized variances for the quadratures for the coherent vacuum as initial state.
The oscillations in the quadrature quantities show an interesting double structure which is not present in the standard parametric amplifier [15] . A closer look at a display of several trajectories (Fig. 10) 
evolution.
A value of 1.50 for the passage-time vari- ances has been obtained in all cases. This means that, at least, there is no dispersion in the width of the first peak. Assuming that only PT dispersion occurs (i.e. , all curves have exactly the same shape), it is not difficult to understand the double-peak structure if we interpret the dispersion in a variable as the projection of an oscillatory band of constant width (the PT variance) onto the axis corresponding to the considered variable. If the PT-probability distribution is symmetric with respect to the most likely trajectory, the position of the local mini- Fig. 11 . mum in the variance will coincide with that of the local maximum of the average of the corresponding variable [16, 17] . Since in our case the local maximum is located before the local minimum of the variance we conclude that the PT-probability distribution is not symmetric with respect to the most likely trajectory. In general this structure will appear in regions in which PT dispersion is dominant and roughly constant. This can occur, at least at the beginning of the evolution, if the starting times show large dispersion. Our model system has a two-dimensional real phase space and bistability with equal probabilities for both stationary states. Because of the two-dimensional and real character of our model, if there is an oscillatory regime it must have a conservative limit and both generalized position and momentum must oscillate around steady states. This implies that the starting directions in the unstable point cannot aim at the stationary points. Therefore the deterministic flow around the unstable point can produce a large dispersion in the starting times. This is not the case of the standard parametric amplifier [15] in which the larger dimensionality of the phase space allows the stationary states to 1000 settle onto the starting directions of the unstable state. Figure 11 shows the same switching events for the photon number as Fig. 10 where 0'~, 0&, and 0» are the components of the variance matrix at each r. Figure 13 shows S(r) for several cases. Comparing the S(7) curves with the corresponding counterparts for the variances it is observed that the approximation is not valid in the regions around the maximum of the variances as can be expected. Therefore the results should be taken as qualitative in these regions. [2] for a oss ess case regarding the disappearance of the "overphoton interaction. An 
